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Abstract 
Combines the geology features of Karst mine, the effect of Karst on stress wave propagation in rock, rock crushing and blasting 
crater formed were analyzed, Different forms of Hole-by-Hole detonation network was designed, Blasting network and blasting 
parameters were optimized, Hole-by-Hole detonation was tested in the field, Tests showed that hole-by-hole blasting technology 
is an advanced blasting technology to achieve detonating between two adjacent holes, In Karst mine hole-by-hole blasting 
technology enables make blasting vibration velocity decreased by 20%, Explosives consumption decreased by 11%, can 
effectively prevent misfire, greatly improving the level of safety in mines mining. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of scientific committee of Beijing Institute of Technology. 
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1. Introduction 
China is one of resource-rich countries of the limestone ore in world, whose Limestone area is about 438,000 
square km (not including Tibet and Taiwan), accounting for about 1/20 of the land area. In the modern industry, 
limestone is the main raw material for the manufacture of cement, lime, calcium carbide. Limestone mining size 
grows with the increasing demand. For the limestone mine, nowadays how to keep the safe high production and high 
efficiency production is mining major issue to be resolved, but the core factor affecting this issue is mine geological 
conditions, especially the Karts limestone mines. How to achieve high productivity and efficiency under the safe 
conditions is particularly important. 
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The hole-by-hole detonation technology is a new blasting technique, which was developed on the basis of the 
gradual application of high precision detonators in recent years and the increasing demands of blasting. Currently 
the high precision detonators-by-hole Detonation Technology was used in the single hole detonation technology in 
the domestic part of the mines such as Qidashan Iron, Nan fen Iron ore, which effectively reduced the chunk rate 
and blasting hazards. The Jinduicheng open pit is used in application Hole-by-hole initiation of blasting vibration 
relative to the original row millisecond blasting technology to reduce the range of 22% to 78%. After precision 
detonators were widely used in the open pit mine, and the hole-by-hole detonation technology can also be further 
promoted. And they have some wide applications in large-scale mining in open pit mines of Wuyang Mining 
Company, Guiyang Wengfu phosphate, Da-gu-shan iron ore, Huolinhe open pit, and create a good technical and 
economic benefits. While the hole-by-hole initiation application is not full in the karst limestone mining area, these 
issues will be explored and analyzed in this article. 
2. Hole-by-hole detonation system 
The hole-By-hole detonation theory had been developed Maturity many years ago. Due to the conditions of 
science and technology, high-precision detonator was not manufactured, The hole-by-hole detonation technology 
was limited to the application of electric detonators, With the rapid development of science and technology in recent 
years, high-precision and high-strength detonating tube detonators came into being, the hole-by-hole detonation 
technology was able to achieve. 
2.1. High-precision detonator 
The notable feature of high-precision detonator is the accurate delay. And detonators are made of the composite 
materials, which have good tensile, bending and pressure resistance and apply to the underground or open spaces 
blasting of no gas and mine dust explosion hazard. It is the new generation product of the ordinary detonator. This 
products conform the national requirements, with connections it is convenient to connect with network, and 
detonating is reliable (Misfire probability is less than one millionth), which particularly is suitable for large diameter, 
deep hole blasting and from stray current and electrostatic effects.   
2.2. Network of blasting 
(1) Determination of the delay time. 
It is should be ensured that in the detonating tube the detonation wave has reached the farthest detonator before 
the first detonator detonates, and must ensure that the time interval is sufficient when the first explosion blast hole 
does not affect the next explosive blast holes. To achieve maximum interaction between the two blast holes, and to 
make good the crushing effect, the optimal delay time between the same row of blast-hole is per meter pitch 3-8 ms. 
If the extension time between the rows is too long, the blasting rocks from the front hole would be thrown out and 
stopped moving, while the blasting rocks coming from the rear hole would be thrown into the stationary rock pile. 
Some time later, this would lead to the rock piles tight and worse loose. Reasonable extension time between the 
rows associates with the row distance and the hardness of rock. Best time is 8-15 ms per meter of row distance. 
According to the Orica nonel specifications, models, 25ms is selected as the extension time between the holes, 65ms 
is selected as the extension time between the rows. 
(2) Network of blasting. 
The network of blasting included backward connection, forward connection, V-shaped and parallel  
3. Field test of hole-by-hole detonation 
6 Field tests had been done at zhangbagou limestone mine in Sichuan Jiangyou. According to statistics, 99 
different karst-cave forms were found within the range of 1.23 square kilometers, of which 72 sinkholes, the typical 
cave is about 2.5 meters in diameter and 8 meters high 
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3.1. Blasting parameters design 
Blasting parameters including the hole network parameters, time parameters, various test parameters, were shown 
in Table 1. 
Table 1. Blasting parameters. 
Ordinal number  1 2 3 4 5 6 
Aperture (mm) 160 120 160 160 160 160 
Hole depth(m) 17 17 17 17 17 17 
Hole network parameters (m) 5.5×5 3×5 5×5 5×5 5.5×4.5 5×4.8 
Delay time between blast holes (ms) 25 17 25 25 25 25 
Delay time between rows(ms) 65 42 65 65 65 65 
3.2. Blasting network and detonating sequence 
The field test used the triangular hole arrangement, and the V-shaped initiation. The hole Millisecond is 25ms, the 
row millisecond is 65ms and the hole extension is 500ms. The Karst caves may lead to explosive detonation among 
the adjacent blast holes, which would change the blasting sequence. Therefore the correct design of the initiation 
sequence is the key to the hole-by-hole detonation. First segment of detonation of detonators must meet the 
following principles, when the first blast-hole detonates, the rest hole detonators are already explosive completed, to 
ensure the network reliable, and avoid misfire accident caused by the detonation of adjacent blast-hole explosives  
1
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where: 
1t ˉthe first detonator delay time (s); 
1l ˉCumulative length of detonating from the detonation point to the first blast - hole (m); 
uˉPlastic nonel explosive speed (m/s) general 1650–1950m/s;  
t¦ ˉCumulative delay time of the detonation point to the last a hole in the relay detonator (ms); 
ml ˉcumulative length of nonel from the detonation point to the last blast-hole(m). 
Detonating sequence according to the above principles designed in Fig. 1. 1t ˙500ms, t¦ ˙465ms,after 
calculating, this meets the requirements.  
 
 
Fig. 1. Diagram of detonating sequence. 
4. Blasting results 
4.1. Misfire analysis 
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Before the three years the hole-by-hole detonation was used at Zhangbagou limestone mine, 115 times deep hole 
bench blasting had been carried out, using detonating cord Millisecond initiation network. Almost every year the 
misfire accidents occurred, the most serious is up to 3 times within a year. It is shown in Fig. 2. 
4.2. Blasting vibration test 
Application, monitoring and control of Chengdu Branch,TC-4850 blasting vibrometer for vibration test in the 
process of field tests, measuring points as shown in Fig. 3. 
 
 
Fig. 2. Diagram of detonation network.                                                       Fig. 3. Diagram of measuring points. 
Due to the complex and various geological conditions, it is difficult to find two consistent blasting areas. This 
blasting vibration distribution had the same distance and distribution point from the eastern end of the test in the 
West Mine. The Blasting scale is roughly equal; up to 9 tons. The blasting zone of twice blastings is in the same area, 
which only has a difference of 15m between the elevations, measured vibration velocities in Table 2. 
Table 2. Vibration velocity measured under the same conditions. 
Measuring 
point umber 
Distance away from 
blasting point (m) 
Vibration velocity of hole-by-hole 
detonation  (cm/s) 
Vibration velocity of row 
millisecond(cm/s) Velocity ratio 
1 30 8.235 18.423 0.44 
2 35 7.114 17.231 0.41 
3 40 3.980 7.365 0.54 
4 45 2.558 6.866 0.37 
5 60 1.201 2.760 0.43 
6 60 1.104 2.341 0.47 
7 45 5.574 14.627 0.38 
8 50 5.241 12.249 0.42 
9 90 2.985 8.671 0.34 
10 95 2.241 5.956 0.37 
11 105 1.624 3.286 0.49 
12 115 1.020 2.367 0.43 
 
Experiments showed that, using the hole-by-hole detonation Technology, blasting vibration is quickly reduced 
with the increasing distance of blasting point. Under the similar conditions, compared with row between the 
millisecond blasting, blasting vibration velocity of the hole-by-hole detonation is reduced by 45% to 65%. 
4.3. Quality of blast fragmentation 
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Stackings by row millisecond blasting are not regular, large fluctuation and loose extent is much worse, while 
stackings by hole-by-hole blasting are better, the blasting fragmentation is uniform. This is a more Conducive for 
the shovel and the next blasting perforation operations. Stacking by blasting and block scene pictures are shown as 
Fig. 4(a) and Fig. 4(b), profile shown in Fig. 5(a) and Fig. 5(b). 
 
 
 
 
 
 
 
 
 
 
(a) row millisecond blasting                                                                    (b) hole-by-hole blasting 
Fig. 4. Stacking by blasting scene pictures. 
  
 
 
 
 
 
 
 
 
(a) row millisecond blasting                                                           (b) hole-by-hole blasting 
Fig. 5. Profile of stacking by blasting. 
4.4. Economic and technical indicators  
Results show that hole-by-hole detonation technical superiority is more obvious in the unit consumption of 
explosives, linear meters of ore, bulk rate, and shovel efficiency etc. At the same time, blasting scale expansion, the 
number of blasting operations and costs reduced, blasting vibration velocity is reduced by 45% to 65%, chunk rate is 
reduced by 64%, the efficiency of power shovel increases by 27%, explosives consumption is reduced by 11%, and 
single blasting amount increases by 30%. 
5. Conclusions 
(1) The high precision detonator is the prerequisite to achieve hole-by-hole detonation technology, therefore 
further improving the accurate performance of its extension fully plays the hole detonation technology advantages. 
(2) The hole-by-hole detonation technology can improve the blasting effect, reduce vibration, reduce blasting 
boulder, and make blasting fragmentation more uniform. 
(3)With the expansion of blasting detonator, extension errors superposition, misfire caused by the joint fissures 
and karst cave detonation, more than one blast hole detonation phenomenon is possible at the same time, and lead to 
blasting vibration Superposition. Therefore, how to further reduce the detonator extension error and to avoid the 
superposition of blast vibration, needs further research. 
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